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Abstract
Software effort estimation is one of the most critical components of a successful soft-
ware project: “Completing the project on time and within budget” is the classic challenge
for all project managers. However, predictions made by project managers about their
project are often inexact: software projects need, on average, 30-40% more effort than
estimated. Research on software development effort and cost estimation has been abun-
dant and diversified since the end of the Seventies. The topic is still very much alive, as
shown by the numerous works existing in the literature.
During these three years of research activity, I had the opportunity to go into the
knowledge and to experiment some of the main software effort estimation methodolo-
gies existing in literature. In particular, I focused my research on Web effort estimation.
As stated by many authors, the existing models for classic software applications are not
well suited to measure the effort of Web applications, that unfortunately are not exempt
from cost and time overruns, as traditional software projects.
Initially, I compared the effectiveness of Albrecht’s classic Function Points (FP) and
Reifer’s Web Objects (WO) metrics in estimating development effort for Web applica-
tions, in the context of an Italian software company. I tested these metrics on a dataset
made of 24 projects provided by the software company between 2003 and 2010. I com-
pared the estimate data with the real effort of each project completely developed, using
the MRE (Magnitude of Relative Error) method. The experimental results showed a high
error in estimates when using WO metric, which proved to be more effective than the
FP metric in only two occurrences. In the context of this first work, it appeared evident
that effort estimation depends not only on functional size measures, but other factors
had to be considered, such as model accuracy and other challenges specific to Web ap-
plications; though the former represent the input that influences most the final results.
For this reason, I revised the WO methodology, creating the RWO methodology. I ap-
plied this methodology to the same dataset of projects, comparing the results to those
gathered by applying the FP and WO methods. The experimental results showed that the
RWO method reached effort prediction results that are comparable to – and in 4 cases
even better than – the FP method.
Motivated by the dominant use of Content Management Framework (CMF) in Web
application development and the inadequacy of the RWO method when used with the
latest Web application development tools, I finally chose to focus my research on the
study of a new Web effort estimation methodology for Web applications developed with
a CMF. I proposed a new methodology for effort estimation: the Web CMF Objects one.
In this methodology, new key elements for analysis and planning were identified; they
allow to define every important step in the development of a Web application using a
CMF. Following the RWO method approach, the estimated effort of a Web project stems
from the sum of all elements, each of them weighted with its own complexity. I tested
the whole methodology on 9 projects provided by three different Italian software compa-
nies, comparing the value of the effort estimate to the actual, final effort of each project,
in man-days. I then compared the effort estimate both with values obtained from the
Web CMF Objects methodology and with those obtained from the respective effort es-
timation methodologies of the three companies, getting excellent results: a value of
Pred(0.25) equal to 100% for the Web CMF Objects methodology.
Recently, I completed the presentation and assessment of Web CMF Objects method-
ology, upgrading the cost model for the calculation of effort estimation. I named it again
Web Framework Points methodology. I tested the updated methodology on 19 projects
provided by three software companies, getting good results: a value of Pred(0.25) equal
to 79%.
The aim of my research is to contribute to reducing the estimation error in software
development projects developed through Content Management Frameworks, with the
purpose to make the Web Framework Points methodology a useful tool for software
companies.
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Chapter 1
Introduction
Nowadays, Web sites and Web portals are more and more complex, and have to manage
and convey to their visitors huge amounts of information. When developing these applica-
tions, programmers typically use a Content Management Framework (CMF), a software that
provides most of what is needed to develop Web applications, and that is easily extensible
through proper add-ons and plugins 1.
There are several CMFs, like the open source CMFs Joomla! [1], Drupal [2], and Word-
Press [3], that have been created to help the management of those large amounts of content
and to develop both simple and complex Web applications. Because of the capability of
handling and editing heterogeneous data sources, an increasing number of organizations
and corporations turned to CMFs to fulfil their need to publish data and provide services –
such as business intelligence, GIS, e-Business – in their websites and portals.
Unfortunately, developing Web applications through CMFs is not exempt from cost and
time overruns, as in traditional software projects. Estimation is one of the most critical com-
ponents of a successful software project: “Completing the project on time and within budget“
is the classic challenge for all project managers [4]. However, predictions made by project
managers about their project are often inexact: software projects need, on average, 30-40%
more effort 2 than estimated [5].
In spite of the many estimation models available, currently there is no model able to ad-
equately measure the effort of a Web application [6, 7, 8, 9, 10]. For this reason, my research
has been focused on the study of a new methodology for estimating the effort of Web appli-
cations developed with a CMF.
I concerned myself with effort estimation for Web applications three times, in 2011 [11]
and in 2012 [12, 13]. In my 2011 paper [11], I compared the effectiveness of Albrecht’s classic
Function Points (FP) metric [14] and Reifer’s Web Objects (WO) one [15] in estimating devel-
opment effort for Web applications. I tested these metrics on a dataset made of 24 projects
provided by a software company between 2003 and 2010. The experimental results showed
a high error in estimates when using WO metric, which proved to be more effective than FP
metric in only two occurrences. However, neither of the metrics passed Conte’s criterion [16]
of having at least 75% of the estimates with an error less than or equal to 25%, although the
FP metric was the closest to its satisfaction. In the context of this first work, it appeared evi-
1For more details, see Chapter 4
2Effort= resources, time and cost required to develop a software project
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dent that effort estimation depends not only on functional size measures, but other factors
had to be considered, such as model accuracy and other challenges specific to Web applica-
tions, though the former represent the input that influences most the final results. For this
reason, I revised the WO methodology, creating the RWO model. This model estimates the
effort required to develop a Web project in terms of man-days, using a combination of two
metrics: Albrecht’s classic FP metric and Reifer’s WO metric. I applied the RWO method to
the same dataset made of 24 projects, comparing the results to those gathered by applying
FP and WO methods. The experimental results showed that the RWO method reached effort
prediction results that are comparable to – and in 4 cases even better than – the FP method.
The reason for proposing – in 2012 [12] – a new methodology for size estimation was
to counteract the inadequacy of the RWO method when used with the latest Web applica-
tion development tools. The size metric used in the RWO method was found not to be well
suited for Web applications developed through a CMF. In particular, operands and operators
used in Reifer’s metric relate to elements that can be quickly and easily created by mod-
ern programming technologies, and whose weight appears to be irrelevant in terms of size
calculation for a Web project. I identified new key elements for analysis and planning, al-
lowing for the definition of every important step in the development of a Web application
using a CMF. Each considered element contribute to the size estimation through its different
degree of complexity. I tested the size estimation ability of my methodology on 7 projects
provided by the same company of the previous studies. I compared the value of the size es-
timate yielded using original requirements to the final size of each project, as measured on
the developed Web application, with very low MRE 3 values on estimated sizes: the Web CMF
Objects methodology has a value of Pred(0.25) equal to 85.7%, so it satisfies the acceptance
criterion by Conte et al. [16].
Recently, I completed the presentation and assessment of my methodology [13], suggest-
ing a new cost model for the calculation of effort estimation. I tested the whole methodology
on 9 projects provided by three different Italian software companies, comparing the value of
the effort estimate to the actual, final effort of each project, in man-days. I then compared
the effort estimate both with values obtained from the Web CMF Objects methodology and
with those obtained from the respective effort estimation methodologies of the three com-
panies, getting excellent results: a value of Pred(0.25) equal to 100% for the Web CMF Objects
methodology.
1.1 Thesis overview
This thesis is organized as follows:
• Chapter 2 presents an overview of main software estimation methods used in soft-
ware engineering and some experiments conducted in empirical software engineer-
ing. These experiments analyse the influence of psychological factors of the develop-
ment team about the effectiveness of forecasting of used effort estimate methods. The
usefulness of experimentations and the approaches to the empirical research will be
also introduced.
• In Chapter 3, the Revised Web Objects (RWO) methodology is described. This is a
Web application effort estimation methodology, based on a reinterpretation of the WO
3For more details, see Section 6.2
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Reifer’s methodology. The study and the experimental validation of this methodol-
ogy can be considered as the preliminary work of the study and the realization of the
Web Framework Points (WFP) methodology, the most important part of my thesis. The
RWO approach and the results of the experiments performed applying the method will
be here described.
• Chapter 4 presents the survey about the adoption and use of Open-Source CMF in Italy.
The RWO methodology highlighted the need of a methodology more strictly bounded
to the company context and more adaptable to different kinds of projects and tech-
nologies used by developers. For this reason, I believed it was appropriate to identify
what were the last technology trends, before starting a new methodology experimen-
tation. For lack of this kind of research in literature, I set up a survey with the main
questions of interest of my research. The main objective of the survey was to detect
what were the most used frameworks for the development of Web applications and
also how the development methodology of these applications had recently evolved.
• Chapter 5 proposes the Web Framework Points methodology, the most important part
of my thesis. The proposed methodology is meant for Web applications developed
with CMFs, regardless of the specific technology used to implement the frameworks.
This methodology includes three forecasting models (expert-based, analogy-based and
regression-based) within a basic mathematical model, in order to improve the accu-
racy of prediction. The methodology is made in a way that is as far as possible free
from anchor-effect.
• Chapter 6 describes the results of the experiments performed applying the Web Frame-
work Points methodology to obtain its validation. The WFP methodology has been the
subject of experimentation on real projects developed by Italian software companies .
I evaluated the effectiveness of the methodology in predicting the effort of the analyzed
applications through the calculation of the MRE (Magnitude of Relative Error) factor
for each project . The WFP methodology has a value of Pred(0.25) equal to 79%, so it
fully satisfies Conte’s criterion. This means, for my methodology, a good estimation
power regarding the effort needed to build an application.
• In Chapter 7 the main features of the interactive application implementing the Web
Framework Points methodology will be presented. I used this application both to col-
lect projects data from the companies and to estimate the effort.
• Chapter 8 explains the four types of validity that contribute to judge the overall va-
lidity of a research, i.e. internal, construct, external and conclusion validity. Possi-
ble threats to validity regarding the obtained experimental results of Web Framework
Points methodology will be identified.
• Chapter 9 presents the conclusions and plans for future work.

Chapter 2
Estimation Methods in Software
Engineering
This Chapter presents an overview of main software estimation methods used in software
engineering and some experiments conducted in empirical software engineering.
2.1 Software Engineering Experimentation
Software engineering is a young and practical discipline, that needs observation, measure-
ment, theories, methodologies and field testing organized in a systematic manner; in one
word, it can be considered an empirical discipline. Software engineering researchers are
looking for theories able to summarize phenomena observed in the field and/or analysed
through experiments, in terms of basic concept. Theories help to communicate and share
ideas and knowledge, besides giving both researchers and practitioners the possibility to im-
plement new concepts in different contexts, such as the industrial one 1.
On the other hand, experiments conducted in empirical software engineering have the
purpose to validate a theory. They have also the purpose to compare different technologies,
methodologies and theories to measure their effects on software development, in a scientific
way. Despite the proven usefulness of experimentations, “very few ideas in Software Engi-
neering are matched with empirical data”, as highlighted by Juristo and Moreno [18]. For ex-
ample, important theories such as functional programming, object-oriented programming
or formal methods have never been empirically demonstrated [18]. Experiments should al-
ways be performed, because they provide evidence for – or against – a particular approach
or technique, giving software engineers real benefits of existing theories. According to Ju-
risto and Moreno, the lack of experimentation in software engineering may be due to several
reasons; some of them are reported as follows:
• a belief that the traditional scientific methods are not applicable;
• a belief that experimental validation is expensive;
1For a systematic review of the use of theories in software engineering experiments see, for example, ref.
[17]
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• a lack of experimental design and analysis books for software engineering;
• a belief that empirical studies conducted to validate the ideas of others researchers are
not publishable;
• a lack of understanding between software developers and software engineers, due to
the belief that experimental validation could slow down the work;
• quick changes in technologies;
• very large number of variables involved in software development;
• difficulty in identifying the better approach among the tested techniques;
• human factor: the same experiment can yield different results, depending on people
involved;
In software engineering, it is possible to identify two complementary approaches to the
empirical research, i.e. quantitative and qualitative. Qualitative research can be used to for-
mulate hypotheses and set up different variables involved and, then quantitative research
will be used to establish numerical relationships among these variables. Juristo and Moreno
suggest a three-steps approach that should be done to test a new idea in software engineer-
ing (see Fig. 2.1):
1. Laboratory experiments: researchers verify their assumptions under controlled con-
ditions, in order to publish a new theory, experiments and related benefits of their
theory. Original experiments will then be replicated by other researchers, in order to
verify the same theory and to publish new results.
2. Quasi-experiments: the original theory proposed by researchers is implemented by
innovative developers in experimental projects, in order to verify real benefits and/or
identify possible issues. Developers will then publish their results.
3. Surveys: the original theory is implemented in real projects by routine developers,
who take associated risks. Some of the results obtained will be published by routine
developers, in order to spread the innovations.
Ones this approach is followed, the community is more willing to accept a new theory.
First of all because it is proved it works in laboratory, subsequently because the results of the
various experiments guarantee that it also works in different contests.
The human factor is one important aspect, that has not to be overlooked when proposing
and validating a new idea. In software engineering it is not possible to apply deterministic
theories; it is necessary to consider, instead, the social context and the relationships among
the people involved.
A software process is too complex to be represented with mechanistic or theoretical mod-
els; for this reason, an empirical model turns out to be more appropriate. The equations
used in estimation models are an example of empirical model, where parameters value are
obtained analysing a series of projects:
E f f or t = a si zeb (2.1)
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Figure 2.1: Three-steps approach according to Juristo and Moreno [18].
Hannay J. E. et al. [17] state that software estimation models may be viewed as prediction
theories; i.e. theories that predict without providing explanations. They also provide a de-
tailed description of components of theories and related experiments, proposing the scheme
of Fig. 2.2.
As is can be seen by the figure, they divide the domain of experiment methodology in two
levels: conceptual and operational. The conceptual level includes concepts and theories,
whereas the operational level includes observations, measurements, and experiments. In
software engineering experiments, variables are the following:
• conceptual level: actors (such as experts, project teams, software developers, etc.),
software process activity and software development technology (such as design us-
ing UML, validation using functional testing, etc.), software system (such as safety
critical systems, object-oriented artifact, etc.), relevant scope (such as software indus-
try), causes (familiarity of design patterns, perspective-based reading, etc.) and effects
(such as the concepts of software quality, developer performance or reliability);
• operational level: tasks, materials, treatments, outcomes, and experimental settings.
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Figure 2.2: Components of theories and experiments scheme, according to Hannay J. E. et
al.[17].
Experiments conducted in empirical software engineering have the purpose to investi-
gate the relationships between cause and effect, whereas theory have the purpose to seek
to explain why and how the cause-effect relationship occurs, in a precise scope. In exper-
iments, causes are described by independent variables, while effects are described by the
dependent variables. Other kind of variables, named confounding factors, may also exist,
that influence the result of an experiment if added to independent variables, without the
knowledge of the researcher (see Fig. 2.3).
Figure 2.3: Variables in experiments
Juristo and Moreno suggest three level of investigation to identify variables and relation-
ships among them:
1. Survey inquiries: the goal of this level is to identify variables that affect the develop-
ment process (skills, experience, age, nationality of developers, etc.).
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2. Empirical inquiries: the goal of this level is to extract an empirical model from ob-
servations, trying to explain how the variables affect each other, varying the values of
variables among different experiments.
3. Mechanistic inquiries: the goal of this level is to develop a theoretical model able to
explain why the variables influence the results empirically observed.
In the following sections will be shown the main software estimation models and some
experiments conducted in empirical software engineering.
2.2 Psychology of prediction process
All effort estimation methodologies implicitly enclose a certain degree of uncertainty due
to human judgement. This is more evident in expert-based methodologies and less in the
model-based, but when you think about values to be assigned to the parameters set by dif-
ferent methods, their point of weakness is clearer. There are some empirical studies, that I
found particular and innovative, which analyse the influence of psychological factors of the
development team about the effectiveness of forecasting of used effort estimate methods.
In particular, there is a phenomenon known as anchoring and adjustment, which arises
when someone is called to choose under conditions of uncertainty. According to the authors
of the study, the phenomenon is especially evident when it is necessary to make quantita-
tive judgements, just as in case of software effort estimates “If judgement of the matter is
difficult, we appear to grasp an anchor, that is, a tentative and possibly unrelated answer to
the problem; and adjust such answer up or down according to our intuition or experience to
reach the final result” [19]. The experiment, consisting in estimating the time required to
develop a software application, involved computer science graduate students and software
developers. All participants, divided into three groups, were provided with documents on
the functional requirements of the application to be estimated. The first group was given a
2 months possible value of effort (low-anchor), the second group a 20 months value of effort
(high-anchor), while the remaining group was not given any value (no-anchor). The exper-
iment result clearly showed that the effort estimation is always influenced by the anchor
value both low and high, regardless of the used estimation method by the different people
involved [19].
Other authors investigated about the phenomenon, showing, through an empirical study,
that customer expectations can have an influence on effort estimates carried out by experts,
acting as anchor-effect. For example, it may happen that, in situations of high uncertainty,
as in the early stages of a project, the expert makes too optimistic prediction of effort. As the
project carries on, since the client considers valid the initial estimates, the expert will have
doubts in making a realistic estimate, perhaps with higher values, in order not to disappoint
the expectations of the customer itself [20]. Although the results I have shown are based
on empirical studies, they may partly explain why the industrial software projects are often
underestimated [21].
Finally, it has been demonstrated the existence of a related, but opposite, event to those
described above, however always due to a psychological phenomenon; basically, the value
of estimated effort is what influences the course of the project. This phenomenon has been
observed in an experimental study, in which computer science students have been involved.
The experiment showed that, in case of estimates made in the early stages of the project
10 CHAPTER 2. ESTIMATIONMETHODS IN SOFTWARE ENGINEERING
(when information available is still few) these can affect estimates made later, in the pres-
ence of more details and information. Furthermore, it was observed that these can also
influence the course of the project in terms of quality, in case of too optimistic estimates
[22].
2.3 Expert-based vs formal model
According to some empirical studies, the preferred approach for estimating the effort of soft-
ware projects is the expert judgement. This could depend on the fact that formal methods
are usually more complex and less flexible than the expert-based ones [21]. Some project
managers choose, instead, to combine them together, which moreover leads to improve fore-
cast accuracy, as discussed in Section 2.4 [22, 23].
It is fair someone wonders what is the best approach to follow, so it is interesting to know
the views of two experts on this topic: Magne Jørgensen and Barry Boehm, which is shown
below.
According to Magne Jørgensen, supporter of the expert-based approach, a formal model
is unable to capture specific aspects of projects, such as the working way of the team involved
in the development. He states that the expert-based approach is to be preferred in situations
where there is very specific information not covered by formal models. Jørgensen also states
that project managers often officially use formal methods, but in practice they turn to expert
judgement. This could be due to the fact that the use of a formal method implies greater
use of time, both to collect a greater amount of data and to learn how to use and calibrate
it properly. A further consideration of Jørgensen regards the objectivity of formal models:
it is widely assumed that they are more objective than the experts, and that they are not
subject to pressure from the client or optimistic/pessimistic judgements. Anyway we have
not to overlook the fact that the model inputs are always evaluated by experts, which can
then affect that objectivity [22].
On the other hand, Berry Bohem states that, although formal models are not able to
produce perfect estimates and are not appropriate to every circumstance, they are able to
directing the project manager to the analysis of all the elements that lead to increase or to
decrease the costs (cost-drivers), providing a quantitative and objective judgement on them.
Formal models are created as a result of the analysis of many real-world projects and cali-
brated thanks to the feedback of those who used them.
Finally, Boehm says that both approaches are useful and complementary. As he ob-
served, the organizations that get the best results in terms of prediction are those that use
just a mix of parametric models and expert judgement. These good results are achieved be-
cause these organizations preserve documents and real estimates of the projects, using these
data to correct and calibrate the inputs to the models for future estimates [22].
I conclude this brief comparison by highlighting a further “complication“ of formal mod-
els: the accuracy of the data. Data on software projects are at the base of the construction
and validation of a good estimation model. As it is known, collecting data of sufficient quan-
tity and quality is wasteful from the time point of view, and data themselves are not always
easy to find. Not all organizations are willing to supply them, and the few that do it rely the
task of collecting them on developers, which in turn do not always keep track of their own
work in an accurate and systematic way [24]. All this is compounded by the fact that often
organizations willing to collaborate are the ones who get the best results in productivity, with
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evident consequences for the calibration of models [22].
2.4 Effectiveness of forecasting
In the field on forecasting studies it is known that using a combination of various forecasting
methods, rather than a single one, improves their accuracy: ”combining can reduce errors
arising from faulty assumptions, bias, or mistakes in data“ [23]. The combining forecasts
approach consists in using the average of more independent forecasts. J.S. Armstrong, af-
ter having reviewed several empirical studies, suggests a procedure to follow for those who
wish to use this approach. This procedure, among other things, consists in analysing dif-
ferent data and/or using at least five different forecasting methods when possible; in this
way, information used in the combination will be valid and independent. He also states that
”combining forecasts is especially useful when you are uncertain about the situation, uncer-
tain about which method is most accurate“ [23]. In addition, regarding the cases in which
you want to use expert opinion, is preferable a combination of forecasts made by many ex-
perts rather than a single opinion made by the maximum expert on the matter. Finally, from
the empirical studies that he examined it was found that using combining forecast approach
yields usually more accurate forecasting. Under ideal conditions (high uncertainty and using
multiple forecasting methods) it is possible to obtain a reduction of error forecasting equal
to more than 20%.
Kocaguneli et al. also came to the same conclusion: they state that using a combination
of more methods will yield more accurate e stimations than using one method at a time [25].
2.5 Cost Model Overview
Research on software development effort and cost estimation has been abundant and di-
versified since the end of the Seventies [14, 16, 26]. The topic is still very much alive, as
shown by the numerous works existing in the literature. Researchers have extensively inves-
tigated the topic, in relation to both estimation approach (regression, analogy, expert judg-
ment, function points, simulation, etc.) and research approach (theory, survey, experiment,
case study, simulation, etc.). These studies were carried out in both industrial and academic
contexts. The most frequently used estimation approach is regression-based, where the CO-
COMO model is the most used model [26].
As regards functional size measurement methods, they measure software size in terms of
user-required functionalities. The first functional point method was created by Albrecht in
1979 [14], whereas the most modern is the COSMIC method, created by an international
consortium of metrics experts [27]. For a comparison of the most widely used function
points methods see, for example, ref.[27]. Finally, according to several empirical studies,
expert judgment is the preferred estimation approach [5]. A recent review of empirical stud-
ies on accuracy of software development effort estimates found that, on average, accuracy
of expert-based effort estimates was higher than the model-based one [28].
With regard to the validation of estimation methods, the dominant research approach
is based on the use of historical data. Moreover, the context most research applies to is the
industrial one [29].
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Narrowing down the topic to Web applications, one of the first researchers to introduce
size metrics to measure Web applications was Tim Bray [30], through statistical analysis on
the basic characteristics of the main Web sites in 1995. Size metrics were proposed by Cow-
deroy et al.[31]. At the beginning, the models used for Web effort estimation were the same
as the ones used for general software applications. One of the first researchers to introduce
a method specifically devised for the Web was Reifer, through WO metric and the WEBMO
model [15]. This model was later used by other researchers to perform comparisons among
different estimation models, but with varying results, sometimes dissimilar from each other
[6, 32, 33, 34]. Many research works on Web effort estimation were also carried out by Mendes
and collaborators [7, 8]. Works devoted to estimate development effort in CMS projects are
fewer: for example, we may quote a paper by Aggarwal et al., where the linear regression
estimation model CMSEEM is proposed [9].
In general, project effort estimation models are based on cost models that consider as
input a set of parameters – named cost drivers – size being the predominant one [26]. As
we seen in Section 2.1, the general formula of an algorithmic effort estimation model can be
expressed as:
E f f or t = a Si zeb ∗ad j ustment f actor (2.2)
The cost drivers concerning the COCOMO II model are shown in Table 2.1, by way of
example.
In ending this section, we want to underline that the existing models for classic software
applications are not well suited to Web application development, as stated by many authors
also in regards to CMS-based projects, so software project estimation remains a key chal-
lenge to researchers [6, 7, 8, 9, 10].
Table 2.1: Cost Drivers of COCOMO II model
Cost Drivers COCOMO II
Product attributes
Required software reliability
Size of application database
Complexity of the product
Hardware attributes
Run-time performance constraints
Memory constraints
Volatility of the virtual machine environment
Required turnabout time
Personnel attributes
Analyst capability
Applications experience
Software engineer capability
Virtual machine experience
Programming language experience
Project attributes
Application of software engineering methods
Use of software tools
Required development schedule
Chapter 3
A Revised Web Objects Method to
Estimate Web Application
Development Effort
In this Chapter the Revised Web Objects (RWO) methodology is presented. The study and
the experimental validation of this methodology can be considered as the preliminary work
of the study and the realization of the Web Framework Points (WFP) methodology, the most
important part of my thesis.
The Revised Web Objects (RWO) methodology is a Web application effort estimation
methodology based on a reinterpretation of the WO Reifer’s methodology [15]. The study
of the RWO methodology was inspired by a Barabino et al. work [32]. In their work, the effec-
tiveness of Albrecht’s classic Function Points (FP) [14] metric and Reifer’s Web object (WO)
[15] metric in estimating development effort has been compared. Following the same pro-
cedure, we apply both methods to a dataset of 24 projects of an Italian software company,
in order to determine which one was more effective in estimating the effort. Since the be-
ginning we realized that both methodologies were not easily applicable to the considered
projects, because they were Web applications developed with the latest technologies. To
overcome this gap, we then decided to revisit the WO methodology, in order to include new
technological advancements regarding the Web application development.
Revised Web Objects is a mixed model, conciliating both the characteristics of empiri-
cal methods (i.e. the use of previous experiences in effort estimation), and algorithmic and
statistical measurements. Our approach considers different weights, specifically tailored for
Web applications. It starts with a preliminary categorization of the considered project, ac-
cording to a web application taxonomy designed on the basis of interaction characteristics,
scope of the application, dimension of the project and tools to be used to develop the solu-
tion.
The comparison among classical Function Points methods, Web Objects (WO) and RWO
demonstrates the best performance of RWO in Web oriented applications.
In next section we describe our approach, in Section 3.2 we will discuss the results of the
experiments performed applying our method to obtain its validation.
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3.1 The proposed approach: RWO
As said before, we devised the new RWO method, that takes into account the classical pa-
rameters of WO recomputing the original indicators and, when we deem they have become
obsolete due to new advances in the technology, incorporates our practical experience in
effort estimation.
Of course, it is usually necessary to tune the proposed RWO method with respect to a
productivity coefficient that depends on the adopted technology and, consequently, on the
experience of the company performing specific projects. In this way, the proposed approach
does not exclude the human factor, which is obviously unpredictable, but is based on the
developers’ experience and skills, and thus becomes a mixed approach.
Following the original WO indications, the elements we considered in RWO are divided
in operands and operators, defined as following:
• operands: the elements themselves
• operators: the operations we can perform on the operands
Actually, in various counting examples (particularly in the White Paper describing the of-
ficial counting conventions [35]), Reifer himself does not use this equation, but he just sums
operands and operators, each weighted by a number that depends on the complexity of the
considered item. We use the same approach for the four kinds of operands introduced by
Web Objects, in the followings described with related operators and complexity weights for
“Low, Medium, High“ grades, reported inside the parenthesis after the name of the element,
in the same order.
In the original definition, Multimedia Files (complexity Low or Medium, depending on
kind of multimedia files) are dimension predictors developed to evaluate the effort required
to integrate audio, video and images in applications. They are used to evaluate the effort
related to the multimedia side of a web page.
In this category we can include: images, audio, video, texts. In this case, the image con-
sidered are those related to the content of a website (for example the photos or thumbnails
in a photo - gallery), not the images present in the interface (icons). Audio and video are
multimedia files that can be downloaded or interactively played by the users. Also in this
case, audio or video files present in the interface are not considered as multimedia files. The
text eligible to be considered as multimedia file is not the text present in a web page, but
text files, for instance in .pdf, .doc, .odt, and other formats. Also, texts or files generated by a
script (for example a form that, when compiled, generates a .pdf file as a result) are not to be
considered in this category.
We redefined the original metric guidelines, in some cases already obsolete, to better fit
the actual characteristics of current web applications. We upgrade the considered elements
as follows:
• images:
generic, static format: Low
• animated images (for example, animated GIF): Low or Medium
audio/video:
common A/V formats (for example MP3, AVI, Flash): Medium
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streaming A/V: High
• text:
for all formats: Low
Concerning typical operators for multimedia files, we considered the following categories
and weights:
• start/stop/forward for A/V files: Low or negligible
• operations on interactive elements (for example, a search on a map): Low or Medium
Web Building Blocks (complexity generally Low or Medium in some cases, depending on
kind of blocks) are dimension predictors used to evaluate the effort required in the develop-
ment of all the components of a page of the application in the original WO. Standard libraries
(such as Windows components or graphical libraries in Java) are not considered since they
are part of their own environment. Our definition considers, instead, active elements such as
ActiveX, applets, agents and so on, static elements like COM, DCOM, OLE, etc., and reusable
elements such as shopping carts, buttons, logos and so on. All the elements recurring on
more than one page are counted just once (an example is given by the buttons performing
the same operation).
We consider:
• Buttons and icons, both customized widget and static images, with the activation as
the only associated operator (Low)
• Pop-up menus and tree-buttons have to be considered twice: the first time as buttons
(Web Building Blocks); the second as operators (counting them as many times as the
number of their functions). All these operators have a Low complexity.
• Logos, headers and footers are all static elements present in the website interface. This
kind of elements are often unknown in the early stage of a project. So, their count de-
pends on the details of the requirement document available. Concerning the complex-
ity, we can typically consider:
Buttons, logos, icons, etc: Low
Applet, widget, etc: Medium or High
Scripts (complexity Low with different levels, depending on kind of scripts) are dimen-
sion predictors developed to evaluate the effort required to create the code needed to link
data and to execute queries internal to the application; to automatically generate reports; to
integrate and execute applications and dynamic content like streaming video, real-time 3D,
graphical effects, guided work-flow, batch capture, etc., both for clients and for servers. It is
important to clarify the difference between a script and a multimedia file: a script is the code
that activates, possibly, a multimedia file.
In our model, this category also includes:
• breadcrumb: information generally present in the top of the page, allowing a quick
navigation. For this element we consider a complexity Low-Medium.
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• pop-ups
• Internal DB queries: queries internal to the application, with complexity depending on
the adopted technology. In fact, Reifer uses the conventions defined by the Software
Engineering Institute:
– html: Low
– query line: Medium
– xml: High
In the projects we analyzed, we used a Low weight for DB query when a persistent frame-
work, like Hibernate, was used. In fact, once defined the mapping of the objects in xml lan-
guage, the query becomes an access to the fields of the objects, highly reducing complexity.
Usually, the complexity of these elements is considered Low- Medium.
Links (complexity Low or Medium, depending on kind of links) are dimension predic-
tors developed to evaluate the effort required to link external applications, to dynamically
integrate them, or to permanently bind the application to a database.
Links are always present when the application performs queries on databases external
to the application itself. Consequently, the code to access data is considered a link. In the
analysed projects, the login is always considered as an external link, because the database
holding the users’ data is external in every case.
Concerning the complexity, Reifer counts the logical, and not the physical, lines of code.
In our model, we follow the same approach used for the scripts, considering the complexity
depending on the persistence technology adopted.
When evaluating the effort estimation for a web application project, the reported char-
acteristics to be taken into account are typically not enough. In fact, web applications may
have very different scopes objectives and interactivity level – from a simple collection of Web
pages to a full client - server complex data processing application – and may be developed
with very different technologies, characterized by very different productivities. These ”envi-
ronmental” and ”basic genre“ features must be taken into account for a realistic effort esti-
mation. So, to incorporate this essential element influencing effort evaluation, in the early
stage of the design of a web application, we also need to identify the kind of application to be
developed. To this purpose, we incorporated in RWO method also a preliminary evaluation
of the kind of the project. In this way, the guidelines for calculating the development effort
can account for different parameters resulting from the technologies used for the develop-
ment of the web application, and from the development language chosen.
Thus, the additional information we consider is the classification of each project. One of
the aims of this experimentation is to confirm the general validity of the methods for differ-
ent kinds of projects. Our categorization is made on the basis of three features:
• size (in terms of FP/RWO);
• level of reuse of other applications;
• productivity of the tools used.
The size is the estimation performed in terms of basic RWO measures, allowing to have a
first, rough indication of the effort needed to complete the project.
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The level of reuse is used to evaluate how many software component can be taken from
previous projects, minimizing the development effort.
Concerning the productivity, this is a fundamental element completing the taxonomy
and adopted by the company after accurate validation. Summarizing, projects are classified
following the indications shown in Table 3.1.
Once a project is classified, specific weights are used to obtain the estimated effort from
the computed basic RWO measures.
Table 3.1: Taxonomy of the RWO model
Acronym Description Features (programming lan-
guage, typology, architecture)
SSP Standard
Software
Project
Java, No framework, No RAD
SRP Standard
RAD
Project
The skeleton of the application is
developed using a RAD tool, while
its detailed interface and business
code are coded by hand. This cat-
egory needs additional studies.
ERP Extreme
RAD
Project
The application is developed
using a tool that does not require
particular programming skills,
and no a priori knowledge, except
for the ER model, constraints
and validation rules. In some
cases, a workflow model (static
and dynamic) is needed. The
RAD tool creates the database and
all connected procedures. It is
model-driven. An example of this
kind of tools is Portofino1.
Portal generic
portal
Broadvision architecture. Gener-
ally, portals are designed for con-
tent presentation, so they have a
limited or absent data processing
To evaluate our RWO approach, we performed some experiments, described in the fol-
lowing section.
3.2 Experimental Results
The empirical research has been performed in the context of a mid-sized Italian software
company. Choosing a narrow sample for our study (projects developed by only one com-
pany) might constitute a possible threat to the generality of the results. In this experimental
phase, we considered 24 projects, developed by the company, chosen among different kinds,
as defined above. In this way, we were able to consider both a larger sample and a variety of
cases to which apply our RWO method.
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3.2.1 Dataset
The data set is built on 24 projects developed from 2003 to 2010 by the above cited company;
this firm develops and maintains a fairly high number of software systems, mainly for local
public administrative bodies.
The application domains are those in which the company operates: mainly Public Bod-
ies and Health Services. Among the projects developed by the company, we chose the men-
tioned 24 ones, focusing our attention on the applications written using web technologies,
which are now the most used by the company for developing its projects.
Each project is described by the requirement documentation, and by snapshots of the
layout of their web pages. The company already performed the detailed Function Point esti-
mate, allowing us to compare the results with the estimation done with RWO, following the
rules detailed in the previous section. Before estimating, each project was first categorized
according to the taxonomy described at the end of the previous section, and constituting the
early step of RWO methodology.
In our experiments, the classification of each project was used to steer the subsequent
phase, when weights are assigned to the required features.
The categorization of the studied projects was made on the basis of :
• the size (in terms of FP/RWO);
• the level of reuse of other applications;
• the productivity of the tools used.
The projects considered for the experiment belong to the cited groups in the same mea-
sure, with balanced dimensions and reuse levels. So, we had the same number (six) of SSP,
SRP, ERP and Portal projects.
3.2.2 Effort Prediction and Evaluation Method
For each of the 24 projects we evaluated three different estimation metrics (FP, WO and
RWO). Table 3.2 shows and compares the descriptive statistics related to effort estimation in
person’s hours. Note that the output of the three methods are the rescaled in the same way,
to get an estimation of the effort, which is then compared with the actual effort declared by
the company for each project.
Table 3.2: Web projects descriptive statistics (pers./hours)
Metric Min Max Mean Median std dev
System effort in FP 60 777 312 240 236
System effort in WO 67 1342 446 355 347
System effort in RWO 42 851 282 225 220
The sizes in RWO are quite comparable to the sizes in FP. This result is encouraging, be-
cause our method, specialized for the evaluation of development effort in Web-base projects,
yields results quite close to the more traditional FP method (whose use in the company has
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been well established for many years), and apparently with less variability than with WO
method. To evaluate the performances of the measures, we calculated the MRE 1 (Magni-
tude of Relative Error) for each project. In addition, we also calculated the prediction level.
3.2.3 Results
The results obtained with the selected projects using FP, WO and RWO metrics are shown
in Table 3.3. They show that RWO method perform better than, or equal to, FP on many
considered projects. Consequently, we can consider RWO an overall valid alternative to FP,
surely more tailored to satisfy the needs of effort prediction for a web application.
Table 3.3: MRE values
Metric Min Max Mean Median Std dev Pred(0.25)
FP 0 3.13 0.49 0.19 0.9 62%
WO 0.07 5.93 1.23 0.66 1.64 40%
RWO 0.01 3.05 0.45 0.19 0.85 58%
Note that non-revised WO yields poor results on the considered dataset, while our re-
vised method yields results quite reliable for effort prediction on web application projects
data. Remember that having a Pred(0.25) greater than 75% (more than 75% of the projects
have an MRE less than, or equal to 0.25) denotes an acceptable estimation [16]. If we follow
this criterion, both FP and RWO do not give acceptable estimations. However, considering
current estimation models, we can affirm that RWO is an acceptable estimation method for
the target projects. Apparently, RWO performs similarly to FP and both seem better than
WO.
Concerning the apparent similarity between RWO and FP performance, we have to con-
sider that several projects belonging to the considered data set do not have strong, web -
specific characteristics. Moreover, there is a significant data dispersion due to the presence
of projects developed using RAD technology. In fact, the RWO method appears more reliable
compared to FP in the case of complete web applications, being in this case more stable and
predictable. We should also consider that RWO is tailored for web applications, and could
be further refined following the evolution of web technology, while such a tailoring would be
much harder with FP method.
Note that the number of studied projects, even if belonging to various kinds of applica-
tion, is too low to be definitive about the validity of the proposed RWO method.
3.3 Conclusions
I presented an empirical study of software development effort estimation, performed on a
set of industrial projects carried on at an Italian software company. The considered data set
includes 24 projects divided in 4 categories, allowing to extend and generalized results to
different kinds of Web application projects. The data set is composed, in equal measure, by
1For more details, see Section 6.2
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Standard Software Projects (SSP), Standard RAD projects (SRP), Extreme RAD Project (ERP)
and Portals.
The performed experiment compared the estimation power of different methods - Func-
tion Points, Web Objects, and my Revised Web Objects method.
All the estimation was done considering a productivity coefficient formulated by the
company on the basis of past development experiences. I believe that entirely empirical
methods are not efficient enough, because they do not give an objective measurement of
the project effort, but depend on a human estimator on the basis of her own previous expe-
rience. On the other hand, mixed models take advantage of both algorithmic and empirical
methods. In the real world, in fact, the early estimation of a project effort cannot be based
only on one of the two aspects. For this reason, I revisited the WO method, adding other
parameters designed to provide forecasts based also on human experience, and at the same
time specifically formulated for the prediction of effort in developing Web applications.
In the specific context, good results were obtained both with FP and RWO methods. As
previously discussed, FP method yielded good results owing to the long experience of the
company developers in its use. RWO, on the other hand, was able to yield comparable - and
even slightly better - results since its first use. The RWO approach accounts for specific Web
application characteristics, and is suitable of further evolution, following Web application
technology changes.
Besides performing a comparative analysis of these - and possibly other - effort estima-
tion methods on a larger sample of projects, a further step in the research will consist in
developing a tool, based on the proposed RWO model, allowing to perform a predictive ef-
fort estimation. The tool will allow to customize productivity parameters, so that the model
could evolve following new acquired competencies, new technologies and the different Web
applications considered.
Chapter 4
Adoption and use of Open-Source
CMF in Italy
Thanks to the partnership, now years old, with the same software company, we could di-
rectly observe in the field the evolution of development technologies and methodologies on
projects developed over a span of almost 10 years. Recently, we started new partnerships
with two small software companies, so we had the opportunity to observe different areas of
applicability. This fact allowed us to experiment the effort prediction methodologies in the
literature and to adapt them to the changes in technologies over time, as shown in the study
and experimentation of the RWO methodology, presented in Chapter 3.
Right this study highlighted the need of a methodology more strictly bounded to com-
pany context and more adaptable to different kinds of projects and technologies used by
developers. For this reason, I believe it was appropriate to identify what were the last tech-
nology trends, before starting a new methodology experimentation. For lack of this kind of
research in literature, I set up a survey with the main questions of interest of my research.
The main objective of the following survey was to detect what were the most used frame-
works for the development of Web applications and also how the development methodology
of these applications had recently evolved. This topic has become significant since when
many open source frameworks, that allow to facilitate considerably the developers’ task, are
available.
Particularly, I wondered if and how using so powerful tools as CMF could affect the cal-
culation of the final effort of a Web application development. To reach this objective, I for-
mulated a questionnaire as simple as possible, in order to cut the filling time, to get as much
answers as possible. The survey about the adoption and use of open source CMF was dis-
tributed to a sample of Italian software companies and Italian Internet users.
In the following sections you can see the description of the used research method, the
collected data and the results of the analysis done on the data itself.
4.1 Research method and gathered data
The data have been collected through a questionnaire. The invitation to participate has been
sent through e-mail to some companies that I knew and has been also done through the
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publication on the main referential Italian Websites in the field. This questionnaire has been
built with a Google form document, thanks to its simplicity and immediacy. It covered 10
questions pertaining to both kind and size of the respondents’ belonging company and the
technology used for Web applications development.
The data collection lasted about 5 months, from November 2011 - questionnaire publi-
cation date - to March 2012. The respondents final number is equal to 155 units, divided
between 91 software companies and 64 freelance/individual developers relative to different
Italian fields, like public administration, education, marketing, services, etc.
4.2 Data analysis and results
In this section will follow the 10 survey questions and the collected data. From the analysis
of the answers, it has been possible to obtain the following information:
• kind and size of belonging company;
• typology and way of use of the possible CMF adopted.
Question n.1: Kind of belonging company.
As one can easily notice from Fig 4.1, the majority of the respondents belong to the tech-
nology field: the 27% work on software development, the 6% on Web development and the
25% on IT consulting.
Figure 4.1: Kind of belonging company
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Question n.2: Number of employees in the company.
As shown in Fig.4.2, the majority of the respondents belong to a small company, whit less
than 20 employees.
Figure 4.2: Number of employees
Question n.3: Number of developers in the company.
From the Fig.4.3 it is possible to observe that the majority of the companies whom re-
spondents belong to, have a number of developers comprised between 1 and 5, as it was
obvious to expect from the analysis of the previous answer.
Figure 4.3: Number of developers
Question n.4: Are CMF Open Source (Joomla!, Drupal etc.) usually adopted for the Web
application development in your company?
The majority of the respondents, equal to the 87%, declared to usually adopt CMF open
source during the development of Web applications (Fig.4.4). The respondents that gave a
negative answer to this question exited from the rest of the survey.
Figure 4.4: CMF usually adopted
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Question n.5: What CMF are you using now? (or in your organization)
From the analysis of this question we can conclude that the most adopted CMF among
the respondents is Joomla!, followed by WordPress and Drupal. The less known and less
adopted CMF are Alfresco WCM and others not well specified, as shown from Fig. 4.5.
Figure 4.5: CMF used
Question n.6: What percentage of free modules/extensions/components do you use?
The majority of the respondents declared to adopt free modules and components from
the CMF library, with a percentage comprised between 81% and 100% of the total. So, the
majority of the respondents make extensive use of ready libraries or free downloadable ones,
as inexperienced users would do, while only the 5% declared to adopt libraries with a low
percentage, equal to 20% maximum, and this suggests they adopt the CMF as very expert
users.
Figure 4.6: Adoption of the library percentage
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Questions n.7/8 Have you ever customized any module/extension/component? What
percentage do you usually customize the module/extension/component with?
In this section I analyse two connected questions. The majority of the respondents (70%)
declared to edit modules from the library (Fig. 4.7); the same respondents, at the next ques-
tion, declared mainly to edited these modules around 40% of the code compared to the orig-
inal, as shown from Fig. 4.8. The respondents that gave a negative answer to this question
exited from the rest of the survey.
Figure 4.7: Library editing percentage
Figure 4.8: Modules editing percentage
26 CHAPTER 4. ADOPTION ANDUSE OF OPEN-SOURCE CMF IN ITALY
Question n.9: How long usually does it take to customize the module/extension/com-
ponent to fit your needs?
From the analysis of the question, I can assume that the respondents edited modules
quickly; then the majority of them, equal to 70%, took from one hour to maximum one work
day of time (Fig. 4.9).
Figure 4.9: Necessary time for editing
Question n.10: Have you ever bought any ready modules/extensions/components?
From the question analysis we can conclude that there is a good percentage of users that
usually buy ready modules, although there are many free libraries and despite it is quick to
edit library modules, as declared in the last answer.
Figure 4.10: Ready modules buying percentage
4.3 Summary of the results
From the analysis of the results it is possible conclude that the majority of the respondents
declared to:
• belong to a small company of the technological field, with less than 20 employees and
with a number of developers comprised between 1 and 5.
• usually adopt open source CMF for the Web application development, among which
Joomla! is the most frequently used.
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• make extensive use of ready libraries or free downloadable ones, declaring to edit these
modules around 40% of the code compared to the original.
• edit modules from the library quickly and there is a good percentage of users that usu-
ally buy ready modules.

Chapter 5
The Web Framework Points
Methodology
Combining the experience gained through the study and experimentation of RWO method-
ology presented in Chapter 3, with the results issued from the survey presented in Chapter 4,
it took shape the Web Framework Points methodology, that will be proposed in this Chapter.
As highlighted in the survey presented in Chapter 4, the latest trend 1 in Web applications
development is the prevailing usage of Content Management Frameworks (CMF). For this
reason, I decided to focus my research work on this direction, elaborating a methodology
specifically built for effort estimation of projects where a CMF is in use.
5.1 Content Management Framework
The effort estimation methodology – outlined below – was devised starting from a thorough
observation of the development cycle of Web applications developed with Content Manage-
ment Frameworks available with an Open Source license, such as Joomla!, Drupal, etc.[1, 2].
A Content Management Framework (CMF) is a high-level software application that al-
lows for the creation of a customized Web Content Management System (WCMS). A WCMS
is a software tool that can be used by both technical and general staff, and that allows for
the creation, editing, management and publishing of a wide asset of multimedia content,
in a website. CMFs greatly help to organize and plan a WCMS, freeing the site administra-
tor from all aspects related to Web programming (knowledge of scripting languages, server
installation, database creation etc.).
Every CMF, apart from the basic functionalities for creation and management of dynamic
pages, have libraries of modules and add-on components readily available to users. By using
such libraries, even the most knowledgeable programmer can be free from the task of writing
code parts on easy and recurring functionalities, with the advantage of focusing on specific
functionalities for her or his own application.
The web developer using a CMF has many options: using just ready-made modules (and
components) for the entire application, editing and customizing the available modules to
1As reported on the survey in Chapter 4 , 90% of respondents usually adopt Open Source CMF when devel-
oping Web applications.
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her or his liking (a chance specific to open source CMFs), or planning and programming
new, completely original, modules 2. In the final estimation of development effort, the use
of ready-made modules and components will clearly have a different impact compared to
programming new ones starting from scratch. Similarly, editing modules and components
in order to customize them will have a different impact altogether.
5.2 The Web Framework Points estimation approach
At the beginning of this thesis it has been shown the anchor-effect phenomenon, able to
influence effort evaluation, regardless of the used estimation method. I had then drawn
attention to the debate concerning which was the most reliable and accurate, among all
the existing estimation methods, in particular through a direct comparison between formal
methods and expert judgement. I came to the conclusion that both approaches could not
be objective and that you get the best performances using a mix between them. However,
formal methods have the advantage of helping project managers to identify and quantify the
main cost-drivers of a project and they are based to an high number of real cases. Finally, I
have seen that by combining together multiple forecasting methods it is possible to obtain
more accurate predictions.
All newly made considerations led to devise an effort estimation methodology that was
as far as possible free from anchor-effect, that included specific aspects of the projects and
which included three forecasting models (expert-based, analogy-based and regression-based)
within a basic mathematical model, in order to improve the accuracy of prediction. Let’s see
in detail these features:
• Specific aspects: after having carefully analysed a sample of software projects, the
main cost-drivers have been identified, quantifying them with respective effort and
weights.
• Three forecasting models: the quantitative value of each cost-driver has been the re-
sult of regression-based and analogy-based analysis, that I made on the considered
projects dataset. This value changes together with the overall complexity of the project,
whose assessment is always carried out by a final expert-based analysis.
• Absence of anchor-effect: when using the model, the project manager does not know
in advance effort values of each individual cost-driver, so his judgement will not be
subject to anchor-effect; cost-drivers merely invite the user to identify all those aspects
of “cost“ that characterize a project.
2As reported on the survey in Chapter 4:
• 68% of respondents frequently uses components of the library, and the same respondents state they use
the components with a frequency between 61 and 100% on the total development of an application;
• 5% of respondents uses modules from the library, and the same respondents state they use the modules
with a frequency between 0 and 20%;
• 64% of respondents edits modules from the library, changing usually about 40% of the code compared
to the original.
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• Formal model: at the root of the methodology has been used a simply but effective
mathematical model, along the lines of functional models existing in literature (FP,
WO, etc.).
The proposed methodology is meant for Web applications developed with CMFs, regard-
less of the specific technology used to implement the frameworks. It is essentially based on
two separate phases, that can be accomplished in parallel, and on a final merge between the
data coming from these phases.
One of the phases is the Size Estimation which, starting from the requirements, consid-
ers the various elements that typically contribute to the size of the application, and weights
them with their relative difficulty to implement. Since the work on the various elements is
made in different ways – it may be writing code in a programming language, writing style
sheets, writing XML to configure an interface, designing the schema of a database, editing a
map, or other activities – the resulting size is not expressed in units like lines of code or the
like, but is in fact a table with values estimating the size and the relative difficulty to imple-
ment the various elements that typically constitute a CMF application.
The other phase of Web Framework Points methodology is the identification of the Cost
Model that is characteristic of the organization, and is often specific of a given team working
in it. The Cost Model is identified just once, and is valid for all the projects that the team
carries on using the same, or similar, tools. The Cost Model gives an estimate, this time in
man-days, of the typical effort needed to implement the various elements identified in the
methodology, at the various difficulty levels. In practice, it is a table of values that have to be
multiplied by the corresponding size estimates to yield the global estimate.
The last step is the computation of the sum of the size of the elements multiplied by the
corresponding costs. It is performed straightforwardly, and yields the global estimate of the
effort to implement the system, in man-days. Of course, if requirements change after the Size
Estimation, the estimation should be updated, and the final effort estimation recalculated.
Fig. 5.1 gives a schematic overview of the Web Framework Points methodology.
In the following sections the three steps just shown will be described with more details.
Figure 5.1: Web Framework Points methodology scheme
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5.3 Size Estimation of a Web Application
Following the analysis on a sample of Web applications and of their development cycle, dis-
tinctive and recurring elements were found. They were divided into two sets: general ele-
ments and specific functionalities. Each element found is marked by a complexity degree,
depending on various factors: context of application, existence or absence in the used CMF
library, customization, reuse, etc. The weighted sum of each element makes up the size es-
timation of the Web application. In this way, size estimation is performed in terms of func-
tionalities offered by the application to the user, as in Albrecht’s classic FP metric [14], but
everything is now contextualized to the present time.
5.3.1 General Elements
General elements are defined as all the preliminary analysis and planning activities, as well
as the essential elements for creating the main structure of an application, like basic image
elements and some information content, usually static and with low or no interaction with
the user. Basic, necessary elements for interaction in an application belong to this class.
Some elements are single-instance, while for others there might be a number of instances;
all elements have a complexity that can be low, medium-low, medium-high or high.
Single-instance general elements
Below is a list of the 15 single-instance elements, each with its own definition. These ele-
ments can be present or not, but if they are present, their number is just one.
CONTEXT AND EXTERNAL ENVIRONMENTAL ANALYSIS
• Context and user-base analysis: critical issues and opportunities of the informative
space where the Web application is to be run.
• Analysis of on-line demand-and-offer: critical summary and review of gathered ma-
terials (market analysis, interviews, focus groups, etc.).
• Newsletter: policies on spreading and publishing content, how frequently, to whom,
etc.
• Customizations by editorial staff: feasibility of updates to the site from outside. Op-
tions (software-side) to edit the template, in case external staff is planned to be in
charge.
• Site findability and positioning verification: operations related to the positioning of
the site on search engines.
SITE STRUCTURE
• Content architecture: content management planning: document types and manage-
ment types (e.g.: listing texts by expiring date or by type/topic, by priority/deadlines,
user type, etc.).
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• Management and re-aggregation of tags and keys: categorization and classification
of content and information on the Website.
• System infrastructure: arrangements for the required infrastructure at system level.
• General search engine on site: a basic (standard) search engine or a customized one,
present in the application.
• Preparation of bare mockup, requirements and navigation: decision as to how navi-
gation should be done, what is to be highlighted, content management solutions.
• Content management system: creation of components for content management.
GRAPHIC AND MAPS
• Production of logo and corporate image: thorough study of design and meanings.
• Graphic layout production: layout elaborated by graphic artists, starting from bare
mockup (title, footer, static elements in interface).
• Creation of ad hoc texts, pictures and/or videos: development of original multimedia
content for the Web, on request by the customer, on specific topics.
• Map (or background): management of necessary backgrounds for creation of geo-
referenced information into the application.
Multiple-instance general elements
Below is a list of the 4 multiple-instance elements, each with its own definition.
• Community and social management: managing the presence of the Web application
on the main social networks, as static (simply sharing contents) or dynamic (an intel-
ligent and more complex management style). One instance per social network.
• Templates and navigation system: planning of main templates (home page, content
pages, search pages, etc.), menu and cross-section views (view by user, view by life
events, etc.). One instance per template.
• User role management: Front-end user registration and customization of access type
to the site depending on user type. One instance per user type.
• Multilingualism: simple translation of the site and re-planning of some parts depend-
ing on language. One instance per each language.
5.3.2 Specific Functionalities
This category includes all elements needed for interaction between application and user,
concerning the specific features of the application. These are functionalities expressly cre-
ated, thus with a high customization level and database interaction (authentication, profil-
ing, data input forms, etc).
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As done previously, functionalities are evaluated by number of instances, as well as by
complexity level, which can be low, medium-low, medium-high or high. For instance, in the
case of the number of tables that have to be created in the DB, we will consider separately the
number of low complexity tables, of medium-low complexity tables, and so on, multiplying
each number by a weight depending on their complexity and summing up the four factors.
Below is a list of elements describing the 11 multiple-instance specific functionalities,
each with its own definition. These elements can be present or not; if they are present, their
number can be more than one.
QUERY AND REPORTING
• DB and internal Query creation: number of tables in the DB.
• Report system design: number of reports.
• External Query: number of queries to external DBs.
CARTOGRAPHIC AND MULTIMEDIA
• Cartographic data base: use and management of pre-existing data bases needed to
include geo-referenced information into the application (e.g. data bases on hospi-
tals/hotels/companies etc.). Ad-hoc cartographic data bases belong to the ”DB and
external query creation“ category.
• Creation and inclusion of customized maps: creation and inclusion of maps with
placeholder icons, lines, selection tools, videos or pictures, through the use of Google
Maps JavaScript API, or similar APIs - number of different maps.
• Clickable maps: number of pictures/graphs with hypertextual links to other sites or
other sections of the same site.
• File types managed by the application: number of different file types the application
needs to manage.
EXTERNAL ACCESSIBILITY
• Management of reserved areas: definition of access levels (management of content
approval workflow: e.g. none, reading, writing, adding/deleting documents, adding
new pages, etc.) and functionalities of each reserved area (page or site section) - num-
ber of different areas.
• External system access: number of accesses to different external applications.
• Services available outside of the application: number of Web services the system pro-
vides and/or uses.
• Data input models: number of modules specific to the application.
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5.4 Complexity Degree
Determining the complexity degree of each element is one of the most critical steps in the
methodology, because it is left to the project manager’s own experience and knowledge of her
or his team of developers. The degrees that can be associated to each element are four: low,
medium-low, medium-high or high complexity. We decided to use a 4-degree ordinal scale
to avoid giving the user of the method the chance to choose a ”fully balanced” judgment -
that is not to perform a choice. In all cases, the user must choose between “low“ and “high“,
albeit in different levels.
The complexity degree to be assigned to analysis and planning is strongly related to the
context and size of the application; thus, it must be assessed on an empirical basis. As far as
development of CMF modules or plugins is concerned, we can generally consider:
• Low complexity when the element is present in the CMF library or when pre-exisitng
elements are used without substantial changes;
• Medium-low complexity when the element is present in the CMF library but a cus-
tomization is needed, or when pre-existing elements are used with non-substantial
changes;
• Medium-high complexity when the element is not present in the CMF library and
therefore there is a need for it to be implemented, or when the customization of an
element in the library is substantial;
• High complexity when the element is not present in the CMF library and its imple-
mentation is complex or when the customization of an element in the library is very
high.
5.5 Cost Model
The cost model used in the Web Framework Points methodology is an empirical model, that
includes the following parameters, named cost-drivers:
• similar projects developed by the team;
• team members skills;
• software reuse;
• development experience of the team.
As one would expect, the values of the cost drivers differ among teams, so the cost model
is not fixed and predetermined, but we need to calibrate it according to the characteristics of
the development team. For privacy reasons, we hide the name of the companies we worked
with for empirical evaluation of our method. We will simply call them company/team A,
B and C. Table 5.1 shows a brief description of the three companies involved in our study.
For calibrating the cost model, we interviewed the project manager of each team, asking to
state a quantitative judgment that included an overall evaluation of the above mentioned
cost drivers, for each element mentioned in sections 5.3.1 and 5.3.2. This was made before
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Table 5.1: Software Companies Main Features
Company/Team Size n. employees Foundation year
A micro/small 15 2007
B medium 399 1988
C small 20 2004
the beginning of the estimation phase. Note that, if it is known that some of the elements
will never appear in the projects carried on by the company, the corresponding rows of the
table can be overlooked.
This procedure has been done only once before the estimation phase, and the values
obtained are valid for all company projects 3.
As a result, we obtained the development effort estimate expressed in man-days for each
element, and for each degree of complexity. These estimates are specific of each team, and
represent the respective cost model. As an example, Table 5.2 shows the cost model pertain-
ing to Team A.
5.6 Calculation of the Estimation
After considering every element, each one of which is weighted with its own complexity, the
effort estimation of the Web application results from the simple sum of all elements:
E f f or test i mati on =
M∑
j=1
EG j c j +
N∑
k=1
F Sk ck (5.1)
Where:
EG j is the j − th general element, of c j complexity, and M is the total number of general
elements;
F Sk is the k − th specific functionality, of ck complexity, and N is the total number of
specific functionalities.
3Project manager could omit few elements of methodology WFP that were not covered in the projects ex-
amined
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Table 5.2: Cost Model of the Team A
Elements
Complexity degree
Low Medium-
Low
Medium-
High
High
Context and user-base analysis 0.5 1 2 5
Analysis of on-line demand-and-offer 0.5 1 3 5
Newsletter 0.5 2 4 6
Customizations by editorial staff 0.5 1 5 8
Site findability and positioning verification 0.5 1 2 3
Content architecture 0.5 1 2 3
Management and re-aggregation of tags and keys 0.5 1 1.5 2
System infrastructure 1 2 3 5
General search engine on site 0.5 1 2 5
Preparation of bare mockup, requirements and navigation 0.5 1 2 4
Content management system 0.5 1 1.5 2
Production of logo and corporate image 1 1.5 2 3
Graphic layout production 1 1.5 2 3
Creation of ad hoc texts, pictures and/or videos 0.5 1 2 3
Map (or background) 0.5 1 1.5 2
Community and social management 0.5 1 1.5 2
Templates and navigation system 1 3 5 7
User role management 0.5 1 2 4
Multilingualism 1 2 5 8
DB and internal Query creation 0 0.25 0.6 1
Report system design 0.5 1 1.5 2
External Query 0.5 1 1.5 2
Cartographic data base 0.5 1 1.5 2
Creation and inclusion of customized maps 0.5 1 3 5
Clickable maps 0.2 0.5 0.75 1
File types managed by the application 0.5 1 1.5 2
Management of reserved areas 0.5 1 1.5 2
External system access 1 3 6 10
Services available outside of the application 0.5 1 1.5 2
Data input models 0.25 0.5 0.75 1

Chapter 6
Experimental Results
As stated previously, the WFP methodology has been the subject of experimentation on real
projects developed by Italian software companies; in this chapter the results of this experi-
mentation will be presented.
The methodology outlined here can be considered to be generally valid, since the ele-
ments presented in sections 5.3.1 and 5.3.2 are common to many Web applications. On the
other hand, the calibration of the method through the choice of the complexity degree to as-
sign to each element is strongly dependent on the team developing the application. There-
fore, the experimental findings shown below are to be considered of limited external validity,
although they represent an interesting validation case of a methodology on real data.
Testing the validity of the Web Framework Points effort estimation model through com-
parison with other methods usually used in literature, such as FP, COCOMO, WO etc., has
not been possible, because these methods measure different elements from those we con-
sidered, and are, therefore, hardly comparable with it.
6.1 Dataset
Software companies involved in testing the methodology WFP, faithfully reflect the general
Italian production sector, made up princypally of SMEs. In Italy there are over 6000 com-
panies of software and ICT services and most of them are small: the 70% of turnover is less
than 2 billion e a year, 39% of companies have less than 5 employees, 77% do not reach 20
employees and less than 1% have more than 500 employees [36].
We considered a dataset made by 19 projects, developed with Content Management Frame-
works between 2009 and 2012, by the three software companies A, B and C. These companies
provided us all relevant data about the considered projects, and namely their requirements,
original estimations and overall development effort computed after the project completion.
Note that our estimation results refer to projects that were already completed. We had no
chance to estimate projects at their beginning, using only their requirements, and then to
compare the results with the real effort after the actual completion of the project.
The studied projects were generally aimed to develop applications for public administra-
tions, health services and other customers; they were all finished successfully.
The first activity we performed was to build the complete cost model for the three consid-
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Table 6.1: Software Companies estimation methods and technologies used
Project Estimation method Technology
1/Team A Analogy & expert judgment jAPS
2/Team A Analogy & expert judgment jAPS
3/Team A Analogy & expert judgment Joomla!
4/Team B expert judgment Joomla!
5/Team B expert judgment Joomla!
6/Team B expert judgment Joomla!
7/Team B expert judgment Joomla!
8/Team B expert judgment Joomla!
9/Team B expert judgment Joomla!
10/Team B expert judgment Joomla!
11/Team B expert judgment Joomla!
12/Team B expert judgment Joomla!
13/Team B expert judgment Joomla!
14/Team B expert judgment Joomla!
15/Team B expert judgment Joomla!
16/Team C Analogy Joomla!
17/Team C Analogy Joomla!
18/Team C Analogy Joomla!
19/Team C Analogy Joomla!
ered companies A, B and C, as described in section 5.2 . Then, for each project, the elements
discussed in sections 5.3.1 and 5.3.2 were extracted from their original requirement docu-
ments. For each element present in each examined project, we multiplied their relative size
for the estimated complexity factor, following the respective cost model table (accounting
also for the number of instances with different complexity level). We then summed up the
value of all these elements, as reported in eq. 5.1 of Section 5.6, obtaining the provisional
effort estimate.
We then compared the final actual effort of the completed projects with the provisional
effort estimates. We considered both the provisional effort estimate provided by each com-
pany and the provisional effort estimate calculated with the Web Framework Points method-
ology. The analysis showed differences in estimation data, as expected. In Section 6.3 this
analysis is shown. Table 6.1 shows the effort estimation methods and technologies used by
each company.
6.2. EFFORT PREDICTION AND EVALUATIONMETHOD 41
6.2 Effort Prediction and Evaluation Method
We evaluated the effectiveness of the methodology in predicting the effort of the analyzed
applications through the calculation of the MRE (Magnitude of Relative Error) factor for each
project, a measure commonly used in the Web estimation literature for prediction accuracy.
MRE = E f f or tAC TU AL−E f f or tEST I MED
E f f or tAC TU AL
(6.1)
Similarly to what reported in [33], we completed the error evaluation by calculating the
prediction level Pred, defined as the proportion of the observations within a given level of
accuracy:
Pr ed(l )= k
N
(6.2)
By performing N total observations, if k is the number of observations with an MRE less
than or equal to l, Pr ed(l ) is the percentage of projects with a MRE less than or equal to l.
For instance, if we have 10 projects, with just 8 out of them having an MRE less than 0.2, then
Pr ed(0.2)= 0.8. Conte et al. [16] suggest an acceptable threshold value for the mean MRE to
be less than or equal to 0.25, and for Pred(0.25) to be greater than or equal to 0.75. In other
words, more than 75% of the projects should have an MRE less than 0.25.
6.3 Results
Table 6.2 summarizes the results for the examined dataset. As shown there, the method gives
good results, with very low MRE values. As confirmed by the more detailed MRE analysis
shown in Table 6.3, the Web Framework Points methodology has a value of Pred(0.25) equal
to 79%, so it fully satisfies Conte’s criterion. This means, for our methodology, a good esti-
mation power regarding the effort needed to build the application.
Tables 6.4 and 6.5 show the values of provisional effort estimation of projects calculated
using the corresponding company’s methodology. In this case, Pred(0.25) is equal to 47%, so
it does not satisfy Conte’s criterion.
As can be seen from Fig. 6.1 and 6.2, the WFP methodology trend is to underestimate the
effort (63%), while the company’s methodologies trend is to overestimate this value (58%).
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Table 6.2: Effort Estimate on 19 Datasets Pertaining to Real Projects
Project n. Provisional effort
estimate through
WFP methodology
[man-days]
Final actual
effort [man-
days]
Final – provi-
sional effort
[man-days]
Qualitative
judgment
MRE
1/Team A 24.5 24.75 0.25 underestimated 0.01
2/Team A 53.25 58.75 5.5 underestimated 0.09
3/Team A 56.2 64.5 8.3 underestimated 0.13
4/Team B 201 196 -5 overestimated 0.03
5/Team B 263 248 -15 overestimated 0.06
6/Team B 799 1047 248 underestimated 0.24
7/Team B 39 40 1 underestimated 0.03
8/Team B 185 218 33 underestimated 0.15
9/Team B 241 300 59 underestimated 0.20
10/Team B 19 13 -6 overestimated 0.46
11/Team B 28 35 7 underestimated 0.20
12/Team B 349 403 54 underestimated 0.13
13/Team B 411 326 -85 overestimated 0.26
14/Team B 274 142 -132 overestimated 0.93
15/Team B 1925 1988 63 underestimated 0.03
16/Team C 13.38 10 -3.38 overestimated 0.34
17/Team C 21 25 4 underestimated 0.16
18/Team C 28.5 30 1.5 underestimated 0.05
19/Team C 10.38 10 -0.38 overestimated 0.04
Table 6.3: MRE Statistics of WFP methodology
Min Max Mean Median Std dev Pred(0.25) %Pred(0.25)
0.01 0.93 0.19 0.13 0.21 15 79 %
Figure 6.1: WFP qualitative judgment
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Table 6.4: Companies Effort Estimate on 19 Datasets Pertaining to Real Projects
Project n. Provisional effort
estimate through
company method-
ology [man-days]
Final actual
effort [man-
days]
Final – provi-
sional effort
[man-days]
Qualitative
judgment
MRE
1/Team A 40 24.75 -15.25 underestimated 0.62
2/Team A 66.8 58.75 -8.05 underestimated 0.14
3/Team A 110 64.5 -45.5 underestimated 0.71
4/Team B 168 196 28 overestimated 0.14
5/Team B 360 248 -112 overestimated 0.45
6/Team B 930 1047 117 underestimated 0.11
7/Team B 42 40 -2 underestimated 0.05
8/Team B 261 218 -43 underestimated 0.20
9/Team B 260 300 40 underestimated 0.13
10/Team B 24.17 13 -11.17 overestimated 0.86
11/Team B 30 35 5 underestimated 0.14
12/Team B 125 403 278 underestimated 0.69
13/Team B 125 326 201 overestimated 0.62
14/Team B 125 142 17 overestimated 0.12
15/Team B 1200 1988 788 underestimated 0.40
16/Team C 15 10 -5 overestimated 0.50
17/Team C 30 25 -5 underestimated 0.20
18/Team C 40 30 -10 underestimated 0.33
19/Team C 15 10 -5 overestimated 0.50
Table 6.5: MRE Statistics of Companies Effort Estimates.
Min Max Mean Median Std dev Pred(0.25) %Pred(0.25)
0.05 0.86 0.36 0.33 0.24 9 47 %
Figure 6.2: Companies qualitative judgment

Chapter 7
Web Framework Points Tool
In this section it will be shown the main features of the interactive application 1 implement-
ing the Web Framework Points methodology, object of the present thesis. I used this appli-
cation both to collect projects data from the companies and to estimate the effort. From
the experimentation described in the Chapter 5, I obtained three Cost Models, one for each
company involved (Cost Model 1, 2 and 4). The fourth Cost Model (Cost Model 3) has been
obtained from an average of values between the Cost Model 2 and 4. Cost Models are sum-
marized in the following:
• Cost Model 1: freelance developer/ micro company, from the Team A;
• Cost Model 2: small company, from the Team C;
• Cost Model 3: medium company;
• Cost Model 4: big company, from the Team B.
These four cost models have been incorporated in the application, and have been used
to estimate the effort of the project belonging to the three categories of companies involved
in the experimentation. Obviously, for a correct use of the tool, the projects in question (to
be estimated) have to be Web applications developed through CMF.
7.1 Technology used
The design of the WFP software system components has been made following the Model
View Controller (MVC) architectural pattern. According to this pattern, the representation
of information is separated from the user’s interaction:
• A Model is an object representing data (e.g. a database table).
• A View is an object managing the visualization of the state of the Model (data and
information).
1Available on the http://tulipano.dibe.unige.it/stimaEffort-webapp/home
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• A Controller is an object interpreting the inputs from the user, and offers facilities to
change the state of the model.
Fig. 7.1 shows the relationship among the three objects.
Figure 7.1: MVC Pattern
The application development has been made using the object-oriented programming
language Java, while for the management of the entire project have been used the open
source frameworks Spring, Hibernate and Maven. Finally, the open-source object-relational
database PostgreSQL has also been used (Tab 7.1).
Table 7.1: Technology used in the WFP application
Design Pattern MVC
Language Java
Framework Spring, Hibernate, Maven
DataBase PostgreSQL
7.2 Functioning
The main steps of the exchange of requests among the different components of the WFP
system and the final user are summarized in the following:
1. The user requests a specific URL.
2. The server executes the logic of the controller corresponding to the required URL.
3. The controller responds with the corresponding view.
4. The user interacts with the view that sends the various requests to the controller.
5. The controller communicates to the component model for saving/retrieving informa-
tion, according to the input data and the actions undertaken by the user.
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7.3 Architecture
In Fig. 7.2, the architecture of the entire Web Framework Points application is shown.
Figure 7.2: WFP architecture
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7.4 Home Page
In the application main screen there is the REGISTRATION form, where the user can enter
its own data and those relative to the own company, choosing among: freelance developer,
micro, small, medium or big company, specifying the number of people that form the de-
veloping team of the Web applications. After the registration, it is possible to access to the
application by entering the username and the password in the LOGIN form, as shown in
Fig.7.3.
Figure 7.3: Registration Form
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7.5 Add Project form
Once logged in, the user can enter the relative data about his/her own projects, in the Add
Project section. As it can be seen from Fig.7.4, it is necessary to add the name of the project,
the features pertaining to the development (operating system, methodology, IDE, language
and framework used) and the number of people of the team involved to the project.
It is also necessary to specify if the project is concluded or not, because it is possible to
use the WFP tool both for having an effort estimation and for verifying to what extent the
estimation done differs from the real value.
If the project is already concluded, it is necessary to indicate the number of man-days
that has been used to carry out the entire project, from the idea to its complete realization.
If the project is at an early stage, or has not been concluded yet, it will be necessary to
indicate the number of man-days that the user thinks will be required for the entire imple-
mentation.
Figure 7.4: Add Project Form
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7.6 Activities required to implement the project
By clicking on the Forward button, the user can access to the Activities required to imple-
ment the project section, divided between Single elements and Multiple elements. They
represent the main steps of the development cycle and the necessary elements to create the
application. Each element is characterized by a complexity degree that can be low, medium-
low, medium-high or high.
• Single elements: the list of the single elements is set up by closed answers. They will
be counted one time for each application to be developed. The project manager will
simply have to select the degree of complexity that each item is supposed to have in
the application. By clicking on the icon (to the left of each item) the user can read
an explanation regarding each item of the list. If in the application to be developed
there is a not predicted item, it will be sufficient to select NA (not applicable), as it can
be seen in Fig.7.5.
Figure 7.5: Single Elements
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After completing the list of these single elements, by clicking on the Forward button the
user can access to the next list:
• Multiple Elements: the elements on this section may be counted more than once. The
project manager will have to evaluate their complexity and to enter the elements num-
ber. For example, if the application to be developed has to be accessible in 3 languages,
one of which is Japanese (high complexity) and the others are French and Italian (low
complexity), the table has to be completed as shown in Fig.7.6. Also in this case,by
clicking on the icon (to the left of each item) the user can read an explanation re-
garding each item of the list.
Figure 7.6: Multiple Elements
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7.7 Project DB
After completing the list, the user can click the Save project button and the project will be
stored in the personal DB, for a further consultation and/or future changes (Fig.7.7). It will
be possible than to know the effort estimation by clicking on Effort Estimation, edit or delete
the project and to obtain a report of the results. It will be also possible to duplicate a project
with the same feature as the one already inserted, by clicking on the Copy Project section (in
the main banner), as it is shown in Fig.7.8.
Figure 7.7: Project DB
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Figure 7.8: Copy Form
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Figure 7.9: A project report
Chapter 8
Validity Analysis
Essentially, in a software engineering context, there are four types of validity that contribute
to judge the overall validity of a research, i.e. internal, construct, external and conclusion
validity [37]. This Chapter explains these concepts and identifies possible threats to validity
regarding the obtained experimental results of Web Framework Points methodology.
8.1 Internal validity
A research has internal validity if there is a causal relationship between independent and de-
pendent variables and if there is only one explanation for the research results. Some factors
that could threaten the internal validity are:
• confounding variables: variables that can modify the relationship among experimen-
tal variables, such as external events, testing effects, selection effects etc.;
• subject effects: behavioural modification of subjects involved in the research due to
the knowledge of being observed or studied (i.e. Hawthorne effect, acquiescence bias,
etc.);
• experimenter bias: it occurs when the experimenter influences the participant’s be-
haviour (personal characteristics, variations in tone of voice, body posture, etc.) or
when external factors are accidentally introduced by the experimenter into the ob-
served phenomenon (i.e. errors in measurements).
In my study, the factors that could threaten the internal validity are as follows:
• testing effects: the participants of the research (project managers) could have used the
WFP methodology in different ways in the projects. This could be due to misinterpre-
tation of elements definition or due to the learning process;
• selection effects: selection of participating companies has not been done by involving
all categories of interest in a homogeneous way. It had not been possible to include
the same number of freelance developers, micro, small, medium and big companies
participating to the research. The experimentation was done on a voluntary and free
basis;
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• experimental mortality: some subjects participated to the experimentation only with
one or two projects, thus choosing not to pursue the experimentation (dropout);
• Hawthorne effect: in qualitative assessment of different elements, some subjects could
have specified complexity values lower/higher than those actually experienced, de-
pending upon the attention being received by the researcher.
8.2 External validity
To ensure external validity of a study, the generalizability is essential. It refers to whether
the results can be generalized to populations/situations/times/environments different from
those in the experiment. Generally, there are three types of possible generalization:
• population generalization: generalization of the results from the considered sample
to a larger population;
• environmental generalization: regards the confidence you can have in generalizing
your results across situations not included in your study;
• time generalization: the extent to which the results of the conducted research apply
at different time.
Results of my research are closely tied to the moment in which the research is carried out,
because technologies change continuously. Therefore, there are no prerequisites to consider
the time generalization factor. The threat to the external validity may be due to the following
factor:
• inadequacy of the sample: the number of companies involved in the experimentation
is not high. Also, the number of projects on the considered dataset is low, although the
sample of the companies is representative of the typology of a medium Italian com-
pany.
8.3 Construct validity
Construct validity concerns the correspondence between research and theory that underlies
the research itself. From this point of view, a research is valid if one may exclude alternative
explanations of the results obtained in relation to the theory of reference, and if one is mea-
suring what it is expected to measure. Factors which may threaten this kind of validity are
the following:
• inadequate analysis of conceptual constructs, due to the lack of analysis of the sub-
ject under study;
• inadequate operationalization of theoretical constructs: in order to study a concept
properly, it is necessary to transform the concept into concrete operations;
• ambiguity of independent variables: when the independent variables suggested by
the researcher have not been evaluated carefully and they do not match or represent
the problem domain adequately.
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In my research, the threats to construct validity may be due to the fact that some sec-
ondary elements, that are necessary for the construction of Web applications (see Chapter 5),
may have been overlooked and therefore not included in the list.
8.4 Conclusion validity
A research has conclusion validity when the observed results in experiments are due to the
cause-effect relationship with the considered variables apart from due to other factors, such
as randomness. Threats to conclusion validity could be due to:
• fishing: incorrect hypothesis concerning correlation among considered variables;
• small sample size: results can be derived from a statistically insignificant sample.
Regarding my research, the threat may be due to the fact that the sample size of the com-
panies and the projects is statistically small.
8.5 How to reduce threats to validity identified
Essentially, threats to internal, external and conclusion validity could be reduced by includ-
ing larger and homogeneous samples in the experimentation. This could be done by consid-
ering an equal number of freelance developers, micro, small, medium and large companies,
contributing a larger number of projects to the research.
Regarding the threats to construct validity, it would require a further investigation among
other project managers, in order to find possible elements (cost-drivers) neglected in the
previous experiments (although the subjects involved in research considered the elements
of the methodology adequately representative).

Chapter 9
Conclusions
In this thesis, a new methodology of effort estimation for Web applications developed using
a Content Management Framework (CMF) has been presented. The reason for proposing a
new methodology for effort estimation was the realization of the inadequacy of the Revised
Web Objects (RWO) method – which I had previously developed – in estimating the develop-
ment effort of the latest Web applications. Thanks to the partnership, now years old, with the
same software company, I could directly observe on the field the evolution of development
technologies and methodologies on projects developed over a span of almost 10 years.
Recently, I also started new partnerships with two small software companies, so I had the
opportunity to observe even more application areas and technologies. New key elements for
analysis and planning were identified; they allowed for the definition of every important
step in the development of a Web application through a CMF. After calibrating the method,
I tested it on a dataset made by 19 projects, developed between 2009 and 2012 by the three
companies. The data on all the previously described elements in the projects were provided
during the requirement gathering (estimation level), as well as after the development was
finished (final level). My findings show that the application of the method gives very low
MRE values: the Web Framework Points methodology has a value of Pred(0.25) equal to 79%,
so its satisfies the acceptance criterion by Conte. This means, for my methodology, a good
estimation value.
This work represents a confirmation of the good result we obtained in our 2012 work [13],
and the base to conduct further experimental validation, with the purpose to make the Web
Framework Points methodology a useful tool for software companies.
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